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1078–5Objectives. The aim of this study was to determine whether the collar graft (standard dacron graft with a customized
flexible collar attached to the proximal rim) decreased anastomotic bleeding and the overall clamp time.
Design. Prospective randomised single center study.
Methods. Between November 2003 and January 2006, 21 patients were treated with a collar graft and 19 with a standard
dacron graft. Routine endoaneurysmorraphy was used. Only infra-renal aneurysms between 5.5 cm and 6.5 cm were in-
cluded. Aneurysms were diagnosed by CT scans. The total number of bleeding points, the total clamp time, and the number
of teflon felt pledgets, was determined.
Results. The total number of bleeding points; the number of aortic re-clamps and total clamp time (minutes) per patient
were all significantly lower in the collar graft group (1.2 versus 2, p< 0.04; 0.5 versus 2.0, p< 0.001; 13.6 versus 20.1,
p< 0.003 respectively). The number of teflon felt pledgets and new sutures used was significantly lower in the collar graft
group (p< 0.001 and p< 0.003 respectively).
Conclusion. The collar graft resulted in fewer anastomotic bleeding points and a shorter clamp time.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
Keywords: Aortic aneurysms; Dacron graft; Anastomotic bleeding; Clamp time.Introduction
The abdominal aortic aneurysm neck is affected by
degeneration and inflammation. The application of
sutures and clamps to a short, dilated and calcified
neck may result in tearing and bleeding. It is manda-
tory to achieve an intact proximal suture line as safely
and as quickly as possible. Teflon felt pledgets, dacron
wraps and additional sutures may be required to
cover bleeding points after the anastomosis is com-
pleted.1,2 To facilitate this the aortic clamp may have
to be reapplied, thus increasing the total cross-clamp
time. Anecdotal data suggest that the increased clamp
time may be related to spinal chord ischaemia;
paraplegia and renal hyperfusion.3e5 Repeated
clamping may increase the risk of aortic neck rupture
and peripheral emboli.6,7 The physiologic effects of
aortic cross-clamping are unpredictable and cardiacsponding author. Dr. J. Pillai, Johannesburg Hospital Vascular
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ease have been described.6,7
The collar graft was designed as an alternative to
safely reinforce the suture line. The collar graft (man-
ufactured for us on request by Vascutek, Terumo Ltd,
Scotland), comprises of a 1 cm dacron collar sewn cir-
cumferentially to the rim of the open end of a tube or
bifurcated aortic dacron graft (Fig. 1). The trunk of the
graft is attached to the collar at the rim. In the bifur-
cated graft the trunk has been modified to be only
2 cm long. The collar forms a flexible attachment
that can be sutured to areas of weakness, tears or leaks
in and around the anastomosis.
The aim of the study was to determine whether
using the collar graft decreased intersuture bleeding,
the need for additional reinforcements, blood loss
and total clamp time.Methods
Between November 2003 and January 2006, a total of
49 patients with infra-renal aortic aneurysm diameterr Surgery. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Bifurcated Collar graft with 2 cm trunk.
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Fig. 2. Tube Collar graft. Sutures passed through the rim of
the graft and then through the wall of the aorta. Segments of
the collar can be folded over and sutured to bleeding points
once the anastomosis is completed.
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nesburg Hospital Vascular Unit for aneurysm repair.
Of these, 40 patients were entered into a prospective
randomized study; comparing the use of the collar
graft with a standard graft. Twenty one patients
were treated with a dacron collar graft and 19 with
a dacron standard graft. All patients consented to
participate in the study which was approved by the
University of the Witwatersrand Ethics Committee.
Patients were randomized by computer generated
numbers. Only patients with degenerative infra-renal
aortic aneurysms of diameters between 5.5 cm to
6.5 cm were included in the study. All were electively
treated aneurysms with an adequate infra-renal neck
(>1 cm). Patients were excluded if there was suspi-
cion of a bleeding disorder (abnormal: platelets; Hb;
coagulation profile; U/E) or if they were 80 years
of age. Of the 9 patients excluded from the study, 4
had renal dysfunction (2 of whom were 80 years);
1 was on anticoagulation therapy for atrial fibrillation;
2 were unable to consent and 2 had abnormal platelet
counts.
All patients were treated by 1 of 3 vascular sur-
geons and the need for elective open surgery was de-
termined by a management protocol that compares
risks of rupture with peri-operative risk.
Factors that may influence intra-operative bleeding
were documented: International Normalization Ratio
(INR), Partial Thromboplastin Time (PTT); platelet
count; urea, creatinine and anti-platelet use. The
diameter of the aneurysm and the extent of calcifica-
tion of the neck were assessed by axial Computed
Tomography (CT) scan. To assess calcification, the
neck in the first CT image (5 mm slices) below
the renal vessels was divided into four quadrants.
The extent of calcification in each quadrant was
estimated as a percentage.Eur J Vasc Endovasc Surg Vol 35, March 2008Technique
Routine endoaneurysmorraphy was used to repair the
aneurysm in both groups. In the collar graft group, the
rim of the graft was attached to the neck of the opened
aneurysm with 3.0 prolene, thus incorporating the col-
lar and trunk into the suture line (Fig. 2). The poste-
rior half of the collar fitted snugly between the
aneurysm wall behind and trunk of the graft anteri-
orly (Figs. 1 and 2). If needed, sutures were used to in-
corporate segments of the collar to bleeding points
around the circumference of the suture line. The
suture line in the anterior half can thus be covered
completely by the ‘‘folded over’’ collar (Figs. 1 and 2).
In the standard dacron graft group, the proximal
anastomosis was performed with a 3.0 prolene suture.
The standard dacron graft does not have a collar and
the rim of the graft is sutured to the aortic neck.
All bleeding points (intersuture; suture holes and
tears) were assessed at three sites: the anterior half,
the posterior half and sides (3 o’clock and 9 o’clock)
of the completed proximal anastomosis. In both
groups the need for additional sutures and teflon pled-
gets were documented. The total clamp time (the dura-
tion that the aortic clampwas applied to the infra-renal
neck) included ‘‘re-clamp times’’ and was measured
from the beginning of the anastomosis until a blood
tight seal was achieved. At this time the vascular
clamp was removed from the infra renal aortic neck
and applied to the graft trunk. The total blood loss
was determined from the anaesthetic record charts.
Table 1. Baseline characteristics
All patients
n¼ 40
Collar
n¼ 21
Standard
n¼ 19
p-Value
Age (years) 67.4 8.7 66.7 8.2 68.1 9.4 0.44
Women (n; %) 11 (27.5%) 6 (28.6%) 5 (26.3%) 0.27
Smokers (n; %) 38 (95%) 20 (95.2%) 18 (94.7%) 0.51
Cholesterol
(mm/L)
5.9 1.0 5.8 1.1 6.0 0.0 0.40
Aspirin (n; %) 11 (27.5%) 7 (33.3%) 4 (21.1%) 0.20
303Proximal Suture Line SupportAn observer (registrar or surgeon) who was not
taking part in the operation was allocated to fill in
a protocol record form as the operation progressed.
The number of bleeding points; number of cross-
clamps; total clamp time; blood loss and numbers of
sutures and pledgets used were documented.This
was corroborated with the surgeon, scrub-sister and
anesthetist.Platelets (10-9) 225 45 222 44 228 47 0.70
INR 1.01 0.10 1.00 0.11 1.02 0.09 0.36
Urea (mm/L) 7.1 1.7 7.0 1.5 7.3 2.0 0.72
Creatinine (mm/L) 88.4 20.4 89.8 17.8 86.9 23.3 0.49
Neck calcification
(%)
33.4 17.7 37.1 17.9 29.2 17.0 0.11
Neck diameter
(mm)
19.5 4.5 19.7 0.49 19.2 0.42 0.51
Table 2. Total number of bleeding points; number of re-clamps;
total clamp time; number of sutures and pledgets used and blood
loss
Collar Standard p-ValueSample size calculation
We calculated the sample size by assuming the num-
ber of bleeding points in the collar group would be
half (n¼ 1/graft with a standard deviation of 2/graft)
that of the standard group (n¼ 2/graft with a stan-
dard deviation of 2/graft eas for the collar group).
The sample size was then calculated to be 18 in each
group. Similarly we assumed the mean total clamp
time would be less (approximately 2/3) for the collar
group, than for the standard procedure (cross clamp
time of 20 minutes) with a standard deviation for
both groups assumed to be 6.6 (1/3 of the time for
the standard procedure). As the latter sample size
was calculated to be less than that for the number of
bleeding points, we used the sample size calculated
for the bleeding point differences.
Categorical data were expressed as percentages
and continuous variables as the mean  standard
error. The groups were compared using a Chi-squared
test (frequencies, for example of gender) with Yates
correction (where applicable) or non-parametric Krus-
kal-Wallis test. A p-value of <0.05 was considered to
be significant. The University of the Witwatersrand
Ethics Committee approved the study.
In both groups, anastomotic stability was assessed
at the completion of the anastomosis by releasing
the aortic clamp. The clamp was re-applied to fix
anastomotic or para-anastomotic bleeding. If needed,
additional sutures, teflon felt pledgets or segments
of the collar were used to reinforce the anastomosis.(n¼ 21) (n¼ 19)
Total bleeding points
Mean SD 1.0 1.6 2.1 2.2 0.04
Range (min; med; max) 0; 1; 2 0; 2; 3
No of re-clamps
Mean SD 0.5 0.6 2 1.1 0.001
Range (min; med; max) 0; 1.5; 2 0; 2; 4
Total clamp time (min)
Mean SD 13.6 2.8 20.1 6.3 0.003
Range (min; med; max) 9; 14; 20 12; 20; 35
Number of sutures
Mean ( SD) 1.34 2.4 0.03
Range (min, med, max) (1; 1; 2) (1; 2; 5)
Number of pledgets
Mean ( SD) 0 18 0.001
Range (min, med, max) (0; 2; 6)
Blood loss (mls) 757 318 981 258 0.065Results
The baseline characters were similar in both groups
(Table 1). No significant differences were noted in var-
iables associated with anastomotic bleeding (INR; re-
nal dysfunction; aspirin use and platelet count) nor
in variables that may have prolonged the completion
of the anastomosis (calcification and aortic neck
diameter).
The numbers of the bleeding points, number of re-
clamps and total clamp time are shown in Table 2. The
average number of bleeding points per patient was 1.0in the collar graft group and 2.1 in the standard graft
group. This significant difference in bleeding points
was due to a greater number of bleeding points poste-
riorly in the standard graft group (17 anterior, 18 pos-
terior, 5 sides), compared to the collar graft group (13
anterior, 3 posterior, 6 sides) p¼ 0.04. All bleeding
points were documented. These included intersuture
defects, suture holes and tears. Minor defects (suture
holes and non-pulsatile leaks) although documented
as bleeding points, were treated by compressing
a swab over the bleeding point.
Eight patients (42%) in the standard graft group
and 4 patients (19%) in the collar graft group had
more than 4 bleeding points. The number of times
that the aortic clamp had to be reapplied to the aorta
and the total clamp time was greater in the standardEur J Vasc Endovasc Surg Vol 35, March 2008
304 J. Pillai et al.graft group (Table 2) (0.5 vs. 2; 13.6 vs. 20.1, p¼ 0.001
and 0.003 respectively).
In 13 patients (62%) in the collar graft group and 3
patients (15.8%) in the standard graft group the clamp
did not have to be re-applied to the aortic neck
(Fig. 3). None of the patients in the collar graft group
required more than 3 re-clamps. There were fewer
bleeding points in the collar graft group and the
smaller of these could easily be controlled by folding
a segment of the adjacent collar over the bleeding
point, and then rapidly attaching it in this position,
with a suture. This could be accomplished without
re-clamping the aorta.
Many of the bleeding points in the standard graft
group were repaired with teflon pledgets. Preparation
and suturing of the pledgets to the bleeding points ne-
cessitated that the aorta be re-clamped to avoid ongoing
blood loss from the bleeding points. In 3 cases the
pledgets had to be sought from outside the operating
theatre. In 2 cases knots formed as the pledgets were
threaded onto double-needled sutures and the knots
had to be undone. Theatre light adjustments were nec-
essary in 4 cases as the pledgets were being prepared.
In one case the packet of pledgets was misplaced onto
the floor. The total clamp time was therefore greater in
the standard graft group.
In 4 patients in the standard graft group and 2 pa-
tients in the collar graft group there were tears in the
aortic neck above the anastomosis. In both patients in
the collar graft group, a segment of the collar was
folded over and used as a buttress to seal the defects.
In all 4 patients in the standard graft group additional
foam pledgets were used to seal the tears.62
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Fig. 3. Percentage of patients that required 0, 1, 2, 3, 4 re-
clamps in the standard and collar graft groups.
Eur J Vasc Endovasc Surg Vol 35, March 2008The average numbers of sutures and pledgets used
and the average blood loss per patient is shown in
Table 2. The number of sutures and pledgets used
were significantly greater in the standard graft group
(1.34 vs. 2.4; 0 vs. 18, p¼ 0.03 and 0.001 respectively).
Additional pledgets were not needed in the collar
graft group as the flexible collar was folded over
and sutured to areas of weakness. This sealed bleed-
ing points efficiently. The total blood loss per patient
was greater in the standard graft group, however
this was not significant.
Fourteen patients in the collar graft group and 3 pa-
tients in the standard graft group required only 1 su-
ture. None of the patients in the collar graft group
required more than 2 sutures (vs. 9 patients in the
standard graft group). In the collar graft group
a shorter length of suture could be used to fix the col-
lar to a bleeding point. Hence pieces of previously
used suture could thus be re-used. In the standard
graft group double-needled, new sutures were used
to fix teflon pledgets to bleeding points.Discussion
One of the conventional methods of strengthening the
proximal aortic anastomosis is to simultaneously in-
corporate a circular piece of dacron or teflon strip
into the suture line as it is being formed.1,2 These ex-
traneous pieces of material are difficult to manipulate
and cumbersome to use. Alternatively, teflon pledgets
are used to seal bleeding points, once the anastomosis
is completed. The collar graft was created by pre-sew-
ing a 1 cm circular segment of dacron to the proximal
rim of a standard graft (made by Vascutek, Terumo
Ltd, Scotland, Fig. 1). The rim is sutured to the aortic
neck. The flexible part of the collar lies adjacent to the
suture line and can be conveniently used to seal tears
or inter-suture bleeding points once the anastomosis
is completed (Fig. 1).
Although all operations were performed by 1 of 3
vascular surgeons, it is acknowledged that the non-
blinded nature of the study and individual expertise
may lead to potential sources of error. To minimise
the risk of error and bias, an observer was responsible
for collecting all data intra-operatively, independent
of the surgeon. This occurred in 34 of the 40 patients
randomized. In 6 cases an observer who was familiar
with the protocol (registrar or surgeon) was not avail-
able and the record form was filled by the operating
surgeon. In all cases the information was verified by
the assistant, scrub-sister and anaesthetist. In order
to limit error due to expertise; only aneurysms be-
tween 5.5 cm and 6.5 cm with a 1 cm neck were
305Proximal Suture Line Supportincluded. It was expected that these ‘‘easy’’ cases
would be similarly handled by each of the 3 surgeons.
The patients were well matched in the 2 groups
(Table 1). Patients with bleeding tendencies and those
 than 80 years of age were excluded.
There were fewer posterior bleeding points in the
collar graft group. The posterior half of the collar is
wedged between the trunk of the graft above and
the aneurysm wall below (endoaneursmorraphy)
and may provide reinforcement to the posterior su-
ture line. Other forms of reinforcement (teflon pled-
gets, strips) were not necessary in the collar graft
group as the collar was folded over (anteriorly) or
wedged (posteriorly) and sutured to areas of weak-
ness. The suturing of teflon pledgets to the anastomo-
sis in the standard graft group required longer suture
material. The number of new sutures used was there-
fore greater in the standard graft group.
Infra-renal aortic cross-clamping results in unto-
ward physiologic changes affecting the heart; pulmo-
nary vasculature; skeletal muscles; kidneys and
splanchnic bed.3,4,9e12 Reports suggest that prolonged
clamping in some individuals may result in monopa-
resis; paraplegia; renal insufficiency and a higher risk
of aortic rupture; peripheral emboli and myocardial
instability.8 In the collar graft group the overall clamp
time and number of re-clamps were significantly
lower. This potential clinical benefit requires further
investigation. In the standard graft group the longer
clamp time was related to repairing the larger number
of bleeding pointswith teflon pledgets andpreparation
of these pledgets. Repeated clamping-declamping was
necessary to test the integrity of the anastomosis.
Depending on the size of the graft and the extent to
which the graft was allowed to fill with blood, 40e
110 ml of blood was lost into the graft at each clamp
release. This could account for the slightly greater
blood loss in the standard graft group.
In conclusion, the novel collar graft is a suitable al-
ternative to a standard graft and results in fewer
bleeding points and a shorter clamp time. Teflon pled-
gets are not necessary to seal the bleeding points as
the adjacent flexible collar can easily be sutured over
these bleeding points once the anastomosis is com-
pleted. Time consuming pledget preparation is thus
avoided. It is likely however that the more degener-
ated neck of a larger aneurysm (>6.5 cm) in an olderindividual (>80 years) may have a greater tendency
to bleed or tear during manipulation. A collar graft
may be more beneficial here and this warrants further
investigation.Acknowledgements
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